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actual pattern in the dollar value of that loan and the distribution of
payments to principal and interest is more informatively displayed in a
simple spreadsheet such as that shown in Figure 7.

Of course, construction of this spreadsheet requires some ability to
express relations in the symbolic form that has become standard with
spreadsheets. In this case the formulas repeat with changing indices as

follows:

Payment     Interest      Principal    Balance

= 5000.00

= 445         = 0.01*D2 = A3-B3    = D2-C3
= A3          = 0.01*D3 = A4-B4    = D3-C4

Computer-generated numerical representations of algebraic expres-
sions are proving to be a very useful tool in practical problem solving.
For instance, to prepare the previous example, we calculated the ap-
propriate monthly payment by experimental successive approximation,
not by using the more conventional formula. But these representations
also serve as a bridge from the concrete world of arithmetic reasoning
to the more abstract world of algebra and statements that begin "for

all x__" Furthermore, the web of related representations comes full

circle when computer curve-fitting tools are used to find symbolic rules
that fit patterns in collections of numerical data.

Algorithms

The second major aspect of procedural knowledge consists of tech-
niques commonly referred to as algorithms for using mathematical in-
formation to solve problems. An algorithm is a "precisely-defined se-
quence of rules telling how to produce specified output information
from given input information in a finite number of steps."23

Developing student skill in execution of mathematical algorithms has
always dominated school curricula at both elementary and secondary
levels. The most prominent algorithms have been procedures for adding,
subtracting, multiplying, and dividing whole numbers, common frac-
tions, and decimals, along with the parallel operations on polynomial
and rational expressions in algebra. But those are only the most ba-
sic and familiar among a vast library of routine mathematical tools.
Euclid's algorithm, for example, is only one of several common meth-
ods for finding the greatest common divisor of two integers; the Sieve
of Eratosthenes is only one of many algorithms for identifying prime
numbers; the quadratic formula is one of many algorithms for solv-
ing quadratic equations; and there are dozens of algorithms for solving
systems of linear equations and inequalities.